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ScienceDirect
7KHWK&RQIHUHQFHRQ/HDUQLQJ)DFWRULHV
/HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQ
 */DQ]DD(0RVHUD-6WROOD%+DHIQHUD
DZEN,QVWLWXWHRI3URGXFWLRQ6FLHQFH.DUOVUXKH,QVWLWXWHRI7HFKQRORJ\.,7*HUPDQ\

&RUUHVSRQGLQJDXWKRU7HOID[(PDLODGGUHVVEHQMDPLQKDHIQHU#NLWHGX
%DVHGRQ WKHIXQGDPHQWDOSULQFLSOHRI WHDFKLQJSV\FKRORJ\WKDW UHWHQWLYHQHVV LQFUHDVHV LI VWXGHQWVDFWLYHO\DSSO\ OHDUQLQJ WRSLFVUDWKHU WKDQ
RQO\DWWHQGRUDORUYLVXDOSUHVHQWDWLRQVWKHFRQFHSWRIOHDUQLQJIDFWRULHVEHFRPHVPRUHDQGPRUHSRSXODU$FDGHPLFHGXFDWLRQLQWKHILHOGRI
SURGXFWLRQ VFLHQFH LV LPSDUWHG E\ PHDQV RI UHDOZRUOGPDQXIDFWXULQJ IDFLOLWLHV %\ DSSO\LQJ WKHPDQXIDFWXULQJ SURFHVV RI D UHDO SURGXFW
VWXGHQWVRUSURIHVVLRQDOVLQFRUSRUDWHWKHOHDUQLQJFRQWHQWVHIIHFWLYHO\DQGJDLQFRQVFLRXVQHVVDERXWWKHLUSUDFWLFDOLPSOLFDWLRQV
0RVW OHDUQLQJ IDFWRULHV DUH IRFXVHG RQ OHDQPDQXIDFWXULQJ OHDQ DGPLQLVWUDWLRQ RU UHVRXUFH HIILFLHQF\ $V WRGD\PDQXIDFWXULQJ LV QRW RQO\
VXEMHFW WR D VLQJOH IDFWRU\ EXW D QHWZRUN RI JOREDOO\ GLVWULEXWHG SURGXFWLRQ VLWHV DW WKH ZEN ,QVWLWXWH RI 3URGXFWLRQ 6FLHQFH FXUUHQWO\ D
OHDUQLQJ IDFWRU\GHDOLQJZLWK WKH WRSLFRI JOREDO SURGXFWLRQ LV GHYHORSHG2Q WKHRQHKDQG WKH FXUULFXOXPRI WKH/HDUQLQJ)DFWRU\*OREDO
3URGXFWLRQ/*3LQYROYHVWKHVSHFLILFVRIORFDOSURGXFWLRQVLWHVZLWKGLIIHUHQWORFDWLRQIDFWRUVVXFKDVGLIIHUHQWGHJUHHVRIDXWRPDWLRQ FRVW
VWUXFWXUHVDQGTXDOLILFDWLRQOHYHOVDQGWKHLUHIIHFWVRQWKHUHFRQILJXUDELOLW\RIWKHSURGXFWLRQV\VWHPV2QWKHRWKHUKDQGWKHLQWHUDFWLRQRIWKH
SURGXFWLRQVLWHVLQDJOREDOO\GLVWULEXWHGSURGXFWLRQQHWZRUNDQGWKHVWUDWHJLFFRQILJXUDWLRQRIWKHQHWZRUNDUHDOVRVXEMHFWWRWKHFXUULFXOXP
7KHPDQXIDFWXULQJSURFHVVHVDUHH[HPSOLILHGE\ WKHDVVHPEO\RIDQDXWRPRWLYHHPRWRUZLWK WUDQVPLVVLRQ LQ WKH OHDUQLQJIDFWRU\RQJOREDO
SURGXFWLRQ7KHOHDUQLQJIDFWRU\LVUHDOL]HGLQFRRSHUDWLRQZLWKWKH5REHUW%RVFK*PE+
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHWK&RQIHUHQFHRQ/HDUQLQJ)DFWRULHV
.H\ZRUGV/HDUQLQJIDFWRU\JOREDOSURGXFWLRQUHFRQILJXUDELOLW\VFDODEOHDXWRPDWLRQHPRWRU
 ,QWURGXFWLRQ
0RGHUQ JOREDOL]DWLRQ VKRZV D JOREDO H[SDQVLRQ RI WKH
PDQXIDFWXULQJ LQGXVWU\ DQG SURGXFWLRQ QHWZRUNV >@ 7KH
GLIIHUHQFHV LQ IDFWRU FRVWV VXFK DV ODERU DQG HQHUJ\ FRVWV
ZKLFK DUH VWLOO VLJQLILFDQW PRWLYDWH WKH JOREDOL]DWLRQ RI
SURGXFWLRQ ,Q DGGLWLRQ WKH PDUNHWV IRU FRQVXPHU DQG
LQGXVWULDO JRRGV KDYH VKLIWHG IURP WKH GHYHORSHG LQGXVWULDO
FRXQWULHVWRGHYHORSLQJHFRQRPLHV>@$VDUHVXOWQRWRQO\
ODUJH FRUSRUDWLRQV EXW DOVR VPDOO DQG PHGLXP HQWHUSULVHV
60( RSHUDWH LQ JOREDOO\ GLVWULEXWHG SURGXFWLRQ QHWZRUNV
3DUWLFXODUVWDJHVRIWKHSURGXFWLRQSURFHVVHVDUHSHUIRUPHGDW
JOREDOO\ DOORFDWHG VLWHV 6LPXOWDQHRXVO\ JOREDOL]DWLRQ OHDGV
FRPSDQLHV LQWR DQ XQSUHFHGHQWHG FRPSHWLWLYH ILHOG ZLWK
VKRUWHQHG SURGXFW OLIH F\FOHV UDSLG IOXFWXDWLRQV LQ GHPDQG
DQGLQFUHDVLQJQXPEHUVRISURGXFWYDULDQWV>@
+RZHYHU LQ  WKH LQGXVWULDO SURGXFWLRQ LQ *HUPDQ\
FRPSULVHG DERXW  PLOOLRQ HPSOR\HHV UHSUHVHQWLQJ
DSSUR[LPDWHO\RI WKH WRWDOHPSOR\PHQW >@7KLVSURYHV
WKH LPSRUWDQFH RI WKH PDQXIDFWXULQJ VHFWRU IRU WKH *HUPDQ
HFRQRP\
,Q DGGLWLRQ WRPRGHUQ SURGXFWLRQ SULQFLSOHV TXDOLILFDWLRQ
DQGVNLOOVRIKXPDQUHVRXUFHVZLOOEHRISDUWLFXODULQWHUHVWDVD
FULWLFDO VXFFHVV IDFWRU LQ JOREDO FRPSHWLWLRQ >@ ,GHQWLI\LQJ
G\QDPLF FKDQJHV DQG WDNLQJ WHFKQLFDO DQG RUJDQL]DWLRQDO
DGMXVWPHQW PHDVXUHV DUH GLIIHUHQWLDWLQJ DVVHWV RI PRGHUQ
SURGXFWLRQ >@ 7KH HGXFDWLRQ DQG WUDLQLQJ RI VWXGHQWV
HPSOR\HHVDQGH[HFXWLYHVOHDGVWRDFRQWLQXRXVLPSURYHPHQW
RI D FRPSDQ\µV EXVLQHVV SHUIRUPDQFH >@ 7UDGLWLRQDO
PHWKRGV IRU WKH GHYHORSPHQW RI VWDII FRPSHWHQFHV KDYH
VKRZQ WR EH XQVXFFHVVIXO LQ WKH SDVW GXH WR D ODFN RI
LPSOHPHQWDWLRQ DQG WUDQVIHU VNLOOV >@ 0RUH DQG PRUH
HGXFDWLRQDO LQVWLWXWLRQV DQG FRPSDQLHV TXDOLI\ VWXGHQWV RU
HPSOR\HHV DQG PDQDJHUV LQ SUDFWLFHRULHQWHG OHDUQLQJ
HQYLURQPHQWVVRFDOOHGOHDUQLQJIDFWRULHV7KLVDSSURDFKKDV
PXFK SRWHQWLDO VLQFH QRW RQO\ LQHUW NQRZOHGJH LV WDXJKW
WKURXJK OHFWXUHV EXW DOVR VNLOOV DUH EHLQJ GHYHORSHG WKDW
TXDOLI\IRUVHOIRUJDQL]HGSUREOHPVROYLQJ>@
'XH WR WKH LQFUHDVLQJ LPSRUWDQFH RI WKH TXDOLILFDWLRQ RI
KXPDQ UHVRXUFHV DQG WKH JOREDO H[SDQVLRQ RI WKH
PDQXIDFWXULQJ VHFWRU SDUWLFXODUO\ D OHDUQLQJ IDFWRU\ IRU
SURGXFWLRQUHODWHG LVVXHV RI JOREDO SURGXFWLRQ KDV DQ
HQRUPRXV SRWHQWLDO $W WKH ,QVWLWXWH RI 3URGXFWLRQ 6FLHQFH
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ZEN D OHDUQLQJ IDFWRU\ IRU JOREDO SURGXFWLRQ LV FXUUHQWO\
LPSOHPHQWHGVWUXFWXUDOO\WHFKQLFDOO\DQGGLGDFWLFDOO\
 7KHRUHWLFDO%DFNJURXQG
2YHU WKHSDVW WHQ\HDUV QXPHURXV OHDUQLQJ IDFWRULHVKDYH
HPHUJHG QRW RQO\ LQ*HUPDQ\ EXW DOO RYHU WKH ZRUOG7KLV
GHYHORSPHQWUHIOHFWVWKHWUHQGWRZDUGVQHZSUDFWLFHRULHQWHG
OHDUQLQJ HQYLURQPHQWV IRU HGXFDWLRQ DQG WUDLQLQJ /HDUQLQJ
IDFWRULHV FDQ EH IRXQG ERWK LQ DFDGHPLF UHVHDUFKRULHQWHG
LQVWLWXWLRQV DQG LQGXVWULDO FRPSDQLHV ,Q DGGLWLRQ FRQVXOWLQJ
FRPSDQLHV RIIHU D UDQJH RI WUDLQLQJ DQG GHYHORSPHQW
SODWIRUPV /HDUQLQJ IDFWRULHV LQ PDQ\ FDVHV KDYH EHHQ
UHDOL]HGLQFRRSHUDWLRQRIDFDGHPLFDQGLQGXVWULDOSDUWQHUV
+RZHYHUWKHLVVXHVRIJOREDOSURGXFWLRQHJWKHSODQQLQJ
RI VLWHVSHFLILF SURGXFWLRQ V\VWHPV RU WKH GHVLJQ RI JOREDO
SURGXFWLRQ QHWZRUNV LV QRW IRFXVHG LQ DQ\ RI WKH H[LVWLQJ
OHDUQLQJIDFWRULHV
 /HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQ
 6FRSHDQG2EMHFWLYH
7KH/HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQDWWKH,QVWLWXWH
RI 3URGXFWLRQ 7HFKQRORJ\ ZEN VHUYHV DV DQ LQQRYDWLYH
WUDLQLQJSODWIRUPIRUWKHFKDOOHQJHVRIDJOREDOPDQXIDFWXULQJ
FRPSDQ\7KHOHDUQLQJIDFWRU\LVEDVHGRQWKUHHNH\LVVXHVRI
JOREDOSURGXFWLRQ

x :KDWVKRXOGEHSURGXFHG"
x :KHUHVKRXOGLWEHSURGXFHG"
x +RZVKRXOGLWEHSURGXFHG"

&RQVHTXHQWO\ SURGXFWLRQUHODWHG LVVXHV VXFK DV VLWH
VSHFLILFIDFWRU\SODQQLQJDQGSURGXFWLRQLQJOREDOSURGXFWLRQ
QHWZRUNVDUHLQWKHIRFXVRIWKHOHDUQLQJIDFWRU\
7DUJHW JURXSV DUH SULPDULO\ VWXGHQWV DQG SURIHVVLRQDOV
<HW LQ DGGLWLRQ WR LWV HGXFDWLRQDO DQG WUDLQLQJSXUSRVHV WKH
OHDUQLQJ IDFWRU\ ZLOO DOVR VHUYH DV D UHVHDUFK GHPRQVWUDWRU
ZLWK UHJDUG WR VFLHQWLILF LVVXHV RI JOREDO SURGXFWLRQ LQ WKH
IXWXUH ZKLFK DUH LQYHVWLJDWHG DW WKH ,QVWLWXWH RI 3URGXFWLRQ
6FLHQFHZEN
 2EMHFWRI,QYHVWLJDWLRQ
$ILFWLWLRXVSURGXFWLRQQHWZRUNRIDUHDOSURGXFWVHUYHVDV
REMHFWRILQYHVWLJDWLRQRIWKHOHDUQLQJIDFWRU\7KHSURGXFWLRQ
QHWZRUNFRQVLVWVRIWKUHHSURGXFWLRQVLWHVZKLFKDUHJOREDOO\
GLVWULEXWHG FI)LJXUH7KH OHDG IDFWRU\RI WKHSURGXFWLRQ
QHWZRUN LV ORFDWHG LQ D KLJKZDJH FRXQWU\ ,Q DGGLWLRQ WZR
DVVHPEO\SODQWVLQORZZDJHFRXQWULHVFRPSOHWHWKHQHWZRUN
$W WKH OHDG IDFWRU\ DOO SURGXFWLRQ VWHSV DUH DOORFDWHG 7KH
SURGXFWLRQ VWHSV RI WKH RWKHU DVVHPEO\ SODQWV DUH OLPLWHG WR
WKHVFRSHRIILQDODVVHPEO\DQGTXDOLW\FRQWURO+RZHYHUWKH
OHDG IDFWRU\ LQ FRQWUDVW WR WKH DVVHPEO\ SODQWV LV QRW
SK\VLFDOO\ UHDOL]HG LQ WKH OHDUQLQJ IDFWRU\ DW WKH ,QVWLWXWH RI
3URGXFWLRQ7HFKQRORJ\ZENEXWLVYLUWXDOO\LQWHJUDWHGLQWR
WKHVFRSHRIFRQVLGHUDWLRQ
,Q DGGLWLRQ WR WKH VLWHVSHFLILF GHVLJQ HYDOXDWLRQ DQG
RSWLPL]DWLRQ RI WKH DVVHPEO\ SODQWV WKH FRPSOH[LW\ RI WKH
VXSSO\FKDLQEHWZHHQ WKHSURGXFWLRQVLWHVDQG WKHDVVRFLDWHG
SODQQLQJ DQG RSWLPL]DWLRQ WDVNV KDYH WR EH PRGHOOHG DV
UHDOLVWLFDOO\DVSRVVLEOHIRUWKHFRXUVHSDUWLFLSDQWV:LWKLQWKH
VHPLQDUVWKHFRXUVHSDUWLFLSDQWVDUHIDFHGZLWKWKHFKDOOHQJH
RIDGDSWLQJWKHSURGXFWLRQV\VWHPVRIWKHWZRDVVHPEO\SODQWV
ZLWK UHVSHFW WR WKH ORFDO FRQGLWLRQV VXFK DV IDFWRU FRVWV
TXDOLILFDWLRQRIVWDIIOHJDOIDFWRUVHWF
)RUHDFKSURGXFWLRQVWHSGLIIHUHQWSURFHVVDOWHUQDWLYHVDUH
DYDLODEOH IRU WKH SDUWLFLSDQWV ,Q WKH VHPLQDUV WKH JRDO LV WR
GHVLJQHYDOXDWHDQGRSWLPL]HSURGXFWLRQV\VWHPVE\PHDQVRI
VWDWHRIWKHDUW PHWKRGV DQG SURFHGXUHV VXFK DV OLQH
EDODQFLQJ PHWKRGVWLPH PHDVXUHPHQW 070 HWF 7KH
GHYHORSHG VROXWLRQV DUH GLVFXVVHG DQG SRWHQWLDO DSSURDFKHV
IRU RSWLPL]DWLRQ DUH LPSOHPHQWHG E\ WKH ZRUNVKRS
SDUWLFLSDQWV
$QRWKHU LPSRUWDQW JRDO RI WKH OHDUQLQJ IDFWRU\ LV WR UDLVH
WKH VWXGHQWV¶ DZDUHQHVV RI WKH FRPSOH[LW\ RI JOREDO
SURGXFWLRQ QHWZRUNV 7KXV WKH VHPLQDUV LQFOXGH SUREOHPV
VXFK DV WKH SODQQLQJ DQG RSWLPL]DWLRQ RI WKH SURGXFWLRQ
QHWZRUN DQG VXSSOLHU PDQDJHPHQW 7KHVH WDVNV QRW RQO\
LQFOXGHPDNHRUEX\GHFLVLRQVEXWDOVR WKHGHWHUPLQDWLRQRI
SURGXFWLRQ FDSDFLWLHV DQG SURGXFWLRQ SURJUDPV 6XLWDEOH
PDWHULDO DQG FRPSRQHQW VXSSOLHUV DUH VHOHFWHG DQG WKH
PDWHULDO IORZV EHWZHHQ WKH SURGXFWLRQ VLWHV RI WKH ILFWLWLRXV
QHWZRUNDUHSODQQHG,QRUGHUWRXQGHUVWDQGWKHFRPSOH[LW\RI
WKH GHVLJQLQJ SURFHVV RI SURGXFWLRQ QHWZRUNV YDULRXV NH\
SHUIRUPDQFHLQGLFDWRUV.3,VDUHFRPSDUHGDQGGLVFXVVHGE\
WKHSDUWLFLSDQWV
Key Questions
«
VKRXOGEH
SURGXFHG"
:+$7
«
:+(5(
«
+2:
«
)LJXUH.H\TXHVWLRQVRIJOREDOSURGXFWLRQ
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 'HPRQVWUDWRU3URGXFWRIWKH/HDUQLQJ)DFWRU\
)RU D UHDOLVWLF HYDOXDWLRQ RI SURGXFWLRQ LVVXHV LQ WKH
OHDUQLQJ IDFWRU\ WKH LGHQWLILFDWLRQ RI D VXLWDEOH GHPRQVWUDWRU
SURGXFW LV HVVHQWLDO LQ RUGHU WR LOOXVWUDWH WKH GHVLUHG
HGXFDWLRQDO FRQWHQWV 7KH SURGXFW VHOHFWLRQ VHWV VWULFW
FRQGLWLRQVIRUDOHDUQLQJIDFWRU\2QWKHRQHKDQGWKHYLDEOH
PDQXIDFWXULQJ DQG DVVHPEO\ SURFHVVHV OLPLW WKH GHJUHHV RI
IUHHGRPIRUSRVVLEOHFRXUVHFRQWHQWV2QWKHRWKHUKDQGWKHLU
FRPSOH[LW\KDVVWLOOWRUHPDLQPDQDJHDEOH
,QRUGHUWRRSWLPDOO\FRYHUWKHDGGUHVVHGFRXUVHFRQWHQWV
WKHIROORZLQJFKDUDFWHULVWLFVDUHGHPDQGHGZLWKUHJDUGWRWKH
SRWHQWLDOGHPRQVWUDWRUSURGXFW

x 5HDOLQGXVWULDOSURGXFW
x :LGHUDQJHRIYDULDQWVRIWKHSURGXFW
x $ELOLW\RIHDV\DVVHPEO\DVZHOODVGLVDVVHPEO\
UHF\FOLQJRIVHPLILQLVKHGSURGXFWV
x /RZPDWHULDOFRVWV
x 3RVVLELOLW\RIDXWRPDWHGDQGPDQXDOZRUNVWDWLRQV
x 6LPSOHPDFKLQHRSHUDWLRQE\VHPLQDUSDUWLFLSDQWV
x &ORVHFRRSHUDWLRQZLWKPDQXIDFWXUHURIWKHUHDO
SURGXFW

)LQDOO\D'&PRWRUZLWKJHDUER[E\5REHUW%RVFK*PE+
ZDVVHOHFWHGDVGHPRQVWUDWRUSURGXFWIRUWKH/HDUQLQJ)DFWRU\
RQ *OREDO SURGXFWLRQ FI )LJXUH  ZKLFK IXOILOV WKH
DIRUHPHQWLRQHGUHTXLUHPHQWV
7KHVHOHFWHGSURGXFWLVDGLUHFWFXUUHQWPRWRURIWKH$+&
SURGXFWIDPLO\RI%RVFK7KHHOHFWULFPRWRUFRQVLVWVRIDFDVH
ZLWK FODPSHG SHUPDQHQW PDJQHWV DQG EHDULQJV D ZRXQG
URWRU D EUXVK FDUULHU DQG D IODQJHPRXQWHG JHDUER[ FI
)LJXUH  %DVHG RQ D VWDQGDUGL]HG PRWRU SDUWLFXODUO\ WKH
YDULRXV W\SHV RI JHDUER[HV DQG EUXVK FDUULHUV OHDG WR D KLJK
YDULHW\RIYDULDQWVZLWKDPDQDJHDEOHIDEULFDWLRQFRPSOH[LW\
7KH QXPHURXV VFUHZLQJ SUHVVLQJ DQG MRLQLQJ SURFHVVHV FDQ
EHDXWRPDWHG LQD VFDODEOHPDQQHU7KHSURFHVVFKDLQRI WKH
PRWRU LV LOOXVWUDWHG LQ )LJXUH  'XH WR D FORVH FRRSHUDWLRQ
ZLWK %RVFK DV D SDUWQHU RI WKH /HDUQLQJ )DFWRU\ RQ *OREDO
3URGXFWLRQ WKH VXSSO\ RI VHPLILQLVKHG SURGXFWV DQG WKH
DFFHVVWRUHVRXUFHVDQGSURFHVVNQRZKRZLVUHDOL]HG


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


























)LJXUH2EMHFWRILQYHVWLJDWLRQRIWKH/HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQ
)LJXUH  %RVFK '& PRWRU DV GHPRQVWUDWRU SURGXFW RI WKH
OHDUQLQJIDFWRU\
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 &RQVLGHUHG3URFHVV&KDLQRIWKH/HDUQLQJ)DFWRU\
7KH SURFHVV FKDLQ WR PDQXIDFWXUH WKH FRQVLGHUHG PRWRU
FRQVLVWV RI WKH PHFKDQLFDO SURGXFWLRQ RI WKH VKDIW WKH
DVVHPEO\RIWKHURWRUWKHILQDODVVHPEO\RIWKHPRWRUDQGWKH
JHDUER[DVZHOODVDILQDOIXQFWLRQDOWHVWFI)LJXUH
3URGXFWLRQVWDJHDQGUHTXLUHFRVWLQWHQVLYHHTXLSPHQW
3URGXFWLRQ VWDJH  FRQVLVWV RI SUHFLVH WXUQLQJ DQG JULQGLQJ
PDFKLQHV WR PDQXIDFWXUH WKH VKDIWV ZLWKLQ VPDOO WROHUDQFHV
3URGXFWLRQ VWDJH  FRPSULVHV PXOWLSOHWXUQ FRLOLQJ YLD IO\HU
ZLQGLQJ FULPS ZHOGLQJ IRU WKH PDQXIDFWXULQJ RI WKH URWRU
FRQWDFWVDVZHOODVQHJDWLYHEDODQFLQJE\PLOOLQJ
,Q WKH KDUGZDUH RI WKH /HDUQLQJ )DFWRU\ RQ *OREDO
3URGXFWLRQ DW WKH ,QVWLWXWH RI 3URGXFWLRQ 7HFKQRORJ\ ZEN
RQO\SURGXFWLRQVWDJHDQGDUHFRYHUHGDVD UHVXOWRI WKH
FRVWLQWHQVLYH SODQW WHFKQRORJ\ DQG KLJK TXDOLILFDWLRQ
UHTXLUHPHQWVRIVWDJHDQG<HWSURGXFWLRQVWDJHDQG
DUH YLUWXDOO\ LQFRUSRUDWHG LQWR WKHSURGXFWLRQQHWZRUNRI WKH
OHDUQLQJ IDFWRU\)RU WKLVSXUSRVH WKH%RVFKSODQW LQ%KO LV
YLUWXDOO\ LQWHJUDWHG LQ WKH /HDUQLQJ )DFWRU\ DV DQ DGGLWLRQDO
SURGXFWLRQ VLWH 7KH SODQW LQ %KO GHOLYHUV VLQJOH SDUWV DQG
VHPLILQLVKHGJRRGVFRLOHGURWRUVWRWKHOHDUQLQJIDFWRU\
)RU D YDULDEOH LPSOHPHQWDWLRQ RI WKH SURGXFWLRQ FKDLQ
IOH[LEOHZRUNVWDWLRQVZLWKGLIIHUHQW FKDUDFWHULVWLFV KDYHEHHQ
FRQVWUXFWHGFORVHO\FRUUHVSRQGLQJ WRWKHUHTXLUHPHQWVRI WKH
LQGXVWULDO UHDOL]DWLRQ DW %RVFK 2Q WKH RQH KDQG WKH
HTXLSPHQW FRPSULVHV VHYHUDOPDQXDO VFUHZLQJ SUHVVLQJ DQG
MRLQLQJ VWDWLRQV 2Q WKH RWKHU KDQG VFUHZLQJ DQG SUHVVLQJ
SURFHVVHVFDQEHFRQGXFWHGE\VHPLDXWRPDWHGVWDWLRQVZLWK
LQWHJUDWHG TXDOLW\ FRQWURO 0RUHRYHU ERWK WKH MRLQLQJ
SURFHVVHVDQGWKHPDWHULDOKDQGOLQJEHWZHHQWKHZRUNVWDWLRQV
FDQEHUHDOL]HGE\PHDQVRIIOH[LEOHD[HVURERWV7KXV WKH
ZRUNVKRS SDUWLFLSDQWV KDYH PDQLIROG GHJUHHV RI IUHHGRP WR
GHVLJQ WKH SURGXFWLRQ V\VWHP RI WKH OHDUQLQJ IDFWRU\ LQ
DFFRUGDQFH ZLWK WKH ORFDWLRQVSHFLILF FRQGLWLRQV DQG
FRQVWUDLQWVDQGWRFRQILJXUHWKHKDUGZDUHVHOIUHOLDQW
 /HDUQLQJ0RGXOHV
7KHPRGXOHVRIWKH/HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQ
IRFXV RQ LVVXHV RI IDFLOLW\ SODQQLQJ LQ DFFRUGDQFH ZLWK WKH
ORFDWLRQVSHFLILF FRQGLWLRQV DQG WKH SURGXFWLRQ LQ D JOREDO
SURGXFWLRQ QHWZRUN :LWKLQ WKHVH WZR NH\ DVSHFWV WKH
ZRUNVKRS SDUWLFLSDQWV DUH FRQIURQWHG ZLWK FORVHWRUHDOLW\
SUREOHPV
7KH NH\ DVSHFW RI VLWHVSHFLILF IDFLOLW\ SODQQLQJ IRFXVVHV
RQ WKH HGXFDWLRQ RI PHWKRGV ZLWK UHJDUG WR WKH FUHDWLRQ
DVVHVVPHQW DQG RSWLPL]DWLRQ RI VLWHVSHFLILF SURGXFWLRQ
V\VWHPV DV ZHOO DV WKH SODQQLQJ RI PHWKRGV IRU G\QDPLF
DGMXVWPHQWVHJVFDODEOHGHJUHHRIDXWRPDWLRQ3DUWLFLSDQWV
VKRXOG JDLQ NQRZOHGJH WR DGDSW VLWHVSHFLILF SURGXFWLRQ
V\VWHPVWRORFDOFRQGLWLRQVDVZHOODVWRG\QDPLFFKDQJHVRI
WKH HQYLURQPHQW HJ YRODWLOLW\RI GHPDQG LQFUHDVHRI ODERU
FRVWV)XUWKHUPRUHWKHLPSOHPHQWDWLRQRIDGHTXDWHPHWKRGV
IRU TXDOLW\ FRQWURO LQ WKH FRQWH[W RI JOREDO SURGXFWLRQ LV
ZLWKLQWKHVFRSHRIWKHFXUULFXOXPRIWKHOHDUQLQJIDFWRU\
7KH VHFRQG NH\ DVSHFW RI JOREDO SURGXFWLRQ LQYROYHV
PHWKRGV DQG DSSURDFKHV WR SODQ DQG RSWLPL]H JOREDO
SURGXFWLRQ QHWZRUNV ,Q DGGLWLRQ WR D GDWDEDVHG DVVHVVPHQW
DQG DQ RSWLPL]DWLRQ RI QHWZRUN FRQILJXUDWLRQV WKH
SDUWLFLSDQWV OHDUQ PHWKRGV IRU FDSDFLW\ SODQQLQJ DQG
SURGXFWLRQ SURJUDPSODQQLQJ LQ JOREDO SURGXFWLRQ QHWZRUNV
)XUWKHUPRUH WKH SDUWLFLSDQWV JDLQ XQGHUVWDQGLQJ RI WKH
FRPSOH[LW\ RI VXSSO\ FKDLQ LVVXHV E\ PHDQV RI VXLWDEOH
VLPXODWLRQH[DPSOHV7RSLFVDERXWVXSSOLHUPDQDJHPHQWHJ
VXSSOLHUHYDOXDWLRQDQGVHOHFWLRQZLOOEHDOVRLQWHJUDWHGLQWKH
OHDUQLQJPRGXOHV
,Q DGGLWLRQ WR VSHFLILF SUREOHPV RI JOREDO SURGXFWLRQ
IXQGDPHQWDO NQRZOHGJH RI LQWHJUDWHG SURGXFWLRQ SODQQLQJ
HJ OHDQSURGXFWLRQ DQGYDOXH VWUHDPDQDO\VLVZLOO EH DOVR
WDXJKWWRWKHSDUWLFLSDQWV
)LJXUH3URFHVVFKDLQRIWKHGHPRQVWUDWRUSURGXFW
6KDIW
SURGXFWLRQ
5RWRU
DVVHPEO\
)LQDO
DVVHPEO\ 7HVWLQJ
6WDJHRI
SURGXFWLRQ
7XUQLQJ DQG
JULQGLQJ RI
VKDIW

3UHVVLQJ RI
ODPLQDWLRQ
VWDFN RQ
VKDIW
,VRODWLQJ YLD
HOHFWURVWDWLF
SRZGHU
FRDWLQJ
3UHVVLQJ
FROOHFWRU RQ
VKDIW
:LQGLQJ
&RQQHFWLQJ
YLDKRW
FULPSLQJ
%DODQFLQJ (OHFWULFDOWHVWLQJ

0RXQWLQJ RI
PDJQHWV
)RUFHILWWLQJ
RI EHDULQJ
,QVHUWLRQRI
URWRU
0RXQWLQJ RI
EUXVK FDUULHU
6FUHZLQJ RI
PRWRU DQG
WUDQVPLVVLRQ
KRXVLQJV
$VVHPO\ RI
JHDU ZKHHOV
6FUHZLQJ RI
WUDQVPLVVLRQ
FRYHU SODWH

)XQFWLRQDO
WHVW

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/RFDWLRQVSHFLILF
3URGXFWLRQ
6FDODEOH
$XWRPDWLRQ
 7RSLFV )ORZSULQFLSOHOLQHEDODQFLQJ IDFWRU\ ORJLVWLFV
ZRUNSODFH GHVLJQ
 7RSLFV )DFWRU\SODQQLQJ ZLWK VFDODEOH DXWRPDWLRQUDPSXS
DQG UREXVWQHVV DVVHVVPHQW RI DXWRPDWLRQ WHFKQRORJ\
4XDOLW\$VVXUDQFHLQ
*OREDO3URGXFWLRQ
6LWH6HOHFWLRQ
 7RSLFV 6L[6LJPD SURMHFW UHJDUGLQJ TXDOLW\ GHIHFWV LQJOREDO
SURGXFWLRQ
 7RSLFV .QRFNRXWSURFHVV IRU VLWH VHOHFWLRQ
6RXUFLQJ
3URGXFWLRQ 1HWZRUN
3ODQQLQJ
 7RSLFV 6XSSOLHU HYDOXDWLRQ DQG VHOHFWLRQ
 7RSLFV0RGHOOLQJDVVHVVHPHQW DQG FRPSDULVRQ RI
DOWHUQDWLYHFRQILJXUDWLRQV RI WKH SURGXFWLRQ QHWZRUN
,QVXPPDU\WKHIROORZLQJOHDUQLQJPRGXOHVDUHIRFXVHGLQ
FXUULFXOXPRIWKH/HDUQLQJ)DFWRU\RQ*OREDO3URGXFWLRQFI
)LJXUH

x 6LWH6HOHFWLRQ
x 6RXUFLQJ
x /RFDWLRQVSHFLILF3URGXFWLRQ
x 6FDODEOH$XWRPDWLRQ
x 4XDOLW\$VVXUDQFHLQ*OREDO3URGXFWLRQ
x 3URGXFWLRQ1HWZRUN3ODQQLQJ

7KHZRUNVKRSV LQ WKH UHDOLVWLF SURGXFWLRQ HQYLURQPHQW RI
WKH OHDUQLQJ IDFWRU\ ZLOO EH FRPSOHPHQWHG E\ HOHDUQLQJ
PRGXOHV %HIRUH WKH ZRUNVKRSV WKH SDUWLFLSDQWV OHDUQ DERXW
WKHWKHRUHWLFDOEDFNJURXQGRIWKHUHVSHFWLYHOHDUQLQJPRGXOHV
E\ HOHDUQLQJ LQ VHOIVWXG\ )XUWKHUPRUH SK\VLFDOO\ QRW
UHSUHVHQWDEOH FRQWHQWV RI WKH FXUULFXOXPDUH WDXJKW EDVHGRQ
HOHDUQLQJ PRGXOHV $ PRGXODU RUJDQL]DWLRQ RI WKH OHDUQLQJ
FRQWHQWVJXDUDQWHHVDWDLORUHGFRQFHSWLRQRIWUDLQLQJVHVVLRQV
 ([HPSODU\/HDUQLQJ0RGXOH6FDODEOH$XWRPDWLRQ
2QH IRFXVHG WRSLF ZLWKLQ WKH FXUULFXOXP RI WKH /HDUQLQJ
)DFWRU\ RQ *OREDO LV WKH SODQQLQJ RI VFDODEOH SURGXFWLRQ
V\VWHPV7KHVHOHFWLRQRIWKHRSWLPDOGHJUHHRIDXWRPDWLRQRI
WKH HTXLSPHQW LQ DFFRUGDQFH ZLWK WKH ORFDWLRQVSHFLILF
FRQGLWLRQVLVDNH\FKDOOHQJHLQWKHVFRSHRIDUHFRQILJXUDEOH
SURGXFWLRQ V\VWHP 7KH SDUWLFLSDQWV H[SHULHQFH UHDOLVWLF
SURGXFWLRQ VFHQDULRV ZKLFK DUH FKDUDFWHUL]HG E\ G\QDPLF
FKDQJHV RI HQYLURQPHQWDO LQIOXHQFHV HJ LQFUHDVH RI ODERU
FRVWVRUGHPDQG
,Q WKHVH VFHQDULRV WKH SDUWLFLSDQWV GHDO ZLWK VFDODEOH
DGMXVWPHQWV LQ WKHGHJUHHRI DXWRPDWLRQZLWKLQ D SURGXFWLRQ
V\VWHP FI )LJXUH  7KH LPSDFW RI WKH SDUWLFLSDQWV¶
GHFLVLRQVRQNH\ ILJXUHVRI WKHSURGXFWLRQV\VWHPV HJXQLW
FRVWV2((SURFHVV WLPH LV DQDO\]HG7KXV WKHSDUWLFLSDQWV
OHDUQ WR LGHQWLI\ WKH GHPDQG DQG WKH WLPH RI D SRWHQWLDO
DGMXVWPHQW RI WKH GHJUHH RI DXWRPDWLRQ )XUWKHUPRUH WKH
HIIHFWVZLWKLQWKHUDPSXSSKDVHRIDXWRPDWHGHTXLSPHQWDUH
H[SHULHQFHG DQG HYDOXDWHG E\ WKH SDUWLFLSDQWV :LWKLQ WKH
VFRSH RI WKH /HDUQLQJ)DFWRU\ RQ*OREDO 3URGXFWLRQ VHYHUDO
VFDOHV RI DXWRPDWLRQ DUH UHDOL]HG ZKLOH D IXOO\ DXWRPDWHG
SURGXFWLRQOLQHLVRQO\VXEMHFWWRWKH%RVFKSODQW LQ%KOFI
)LJXUH
$XWRPDWLRQ FDQ EH DSSOLHG QRW RQO\ IRU WKH H[HFXWLRQ RI
SURGXFWLRQ SURFHVVHV EXW DOVR IRU WKH PDWHULDO KDQGOLQJ DQG
ORJLVWLFV RI WKH ZRUNVWDWLRQV 7KH UHVSHFWLYH DXWRPDWHG
HTXLSPHQW FRPSULVHV VHPLDXWRPDWHG ZRUNVWDWLRQV HJ
VFUHZLQJ DQG SUHVVLQJ VWDWLRQV DV ZHOO DV URERWV IRU WKH
PDWHULDOKDQGOLQJDQGWKHORJLVWLFV


)LJXUH  0DQXDO DQG VHPLDXWRPDWHG ZRUNVWDWLRQV RI
SUHVVLQJ SURFHVVHV LQ WKH /HDUQLQJ )DFWRU\ RQ *OREDO
3URGXFWLRQ 
)LJXUH2YHUYLHZRIWKHOHDUQLQJPRGXOHVRIWKH/HDUQLQJ
)DFWRU\RQ*OREDO3URGXFWLRQ
WDFW WLPH
DXWRPDWLRQ OHYHO
PDQXDO IXOO DXWRPDWLRQSDUWLDODXWRPDWLRQ KLJKDXWRPDWLRQ
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 &RRSHUDWLRQZLWK%RVFK
:LWKWKH5REHUW%RVFK*PE+DYDOXDEOHSDUWQHUFRXOGEH
IRXQG IRU WKH LPSOHPHQWDWLRQ RI WKH OHDUQLQJ IDFWRU\ 7KH
%RVFKSODQWRIWKHGLYLVLRQ(OHFWULFDO'ULYHVLQ%KOSURGXFHV
WKH'&PRWRUVZKLFKZHUHVHOHFWHGDVGHPRQVWUDWRUSURGXFWV
RI WKH OHDUQLQJ IDFWRU\ 7KH SURIHVVLRQDO VXSSRUW RI %RVFK
UHJDUGLQJ WKH SURGXFW FKDUDFWHULVWLFV DQG WKH SURGXFWLRQ
SURFHVVHV KDYH EHHQ YHU\ KHOSIXO IRU WKH SODQQLQJ RI WKH
OHDUQLQJIDFWRU\
7KH FRQMRLQW HIIRUW RI WKH OHDUQLQJ IDFWRU\ LV WKH
GHYHORSPHQW RI SODQQLQJ NQRZOHGJH IRU VLWHVSHFLILF
SURGXFWLRQ VWUXFWXUHV )XUWKHUPRUH VFDODEOH DXWRPDWLRQ
VROXWLRQV DUH FRPPRQO\ GHYHORSHG DQG WHVWHG ZLWKLQ WKH
OHDUQLQJIDFWRU\
,Q WKH FRQWH[W RI WKH OHDUQLQJ PRGXOHV WKH KLJKO\
DXWRPDWHGSODQWLQ%KOVHUYHVDVDYLUWXDOVLWHDQGUHSUHVHQWV
D KLJKZDJH ORFDWLRQ ZLWKLQ WKH SURGXFWLRQ QHWZRUN 0DQ\
DVSHFWVRIWKHUHDOFRQGLWLRQVRIWKHSODQW%KODUHLQWHJUDWHG
LQWKHFDVHVWXGLHVRIWKHOHDUQLQJIDFWRU\
)XUWKHUPRUH WKH SDUWLFLSDQWV RI WKH OHDUQLQJ IDFWRU\ JDLQ
LQVLJKWLQWRDKLJKO\DXWRPDWHGSURGXFWLRQDWDKLJKZDJHVLWH
WKURXJK RQVLWH PRGXOHV LQ %KO 7KH SDUWLFLSDQWV GHHSHQ
WKHLUNQRZOHGJHE\DFWLYHLQYROYHPHQWLQWKHIDFWRU\HJE\
YDOXH VWUHDP DQDO\VLV F\FOH WLPH DQDO\VLV HWF DQG OHDUQ
DERXWWKHFKDOOHQJHVRIDXWRPDWHGHTXLSPHQWHJDYDLODELOLW\
LVVXHV
 &RQFOXVLRQDQG2XWORRN
3URGXFWLRQ LQJOREDO SURGXFWLRQQHWZRUNV LVJDLQLQJPRUH
DQGPRUHLPSRUWDQFHIRUFRPSDQLHVRIDOOVL]HV7KHSODQQLQJ
DQG PDQDJHPHQW RI JOREDOO\ GLVWULEXWHG YDOXH FKDLQV LV D
FRPSOH[WDVN,QRUGHUWRSUHSDUHIXWXUHHQJLQHHUVDQGH[SHUWV
IRU WKHVH FKDOOHQJHV WKH /HDUQLQJ )DFWRU\ RQ *OREDO
3URGXFWLRQ LV HVWDEOLVKHG DW WKH ,QVWLWXWH RI 3URGXFWLRQ
6FLHQFH ZEN DW .,7 %\ PHDQV RI WKH DVVHPEO\ RI WKH
GHPRQVWUDWRUSURGXFWRID'&PRWRU WKHFRXUVHSDUWLFLSDQWV
GHHSHQ WKHLU NQRZOHGJH RI SURGXFWLRQ SODQQLQJ DQG WKH
PDQDJHPHQW RI JOREDOO\ GLVWULEXWHG QHWZRUNV ,Q D EDODQFHG
PL[RIWKHRU\DQGSUDFWLFHWKHRUHWLFDOFRQWHQWVDUHDSSOLHGLQ
DUHDOLQGXVWULDOHQYLURQPHQW7KHZRUNSODFHVLQWKHOHDUQLQJ
IDFWRU\ FDQEH LPSOHPHQWHG LQ YDULRXV VFDOHVRI DXWRPDWLRQ
,Q DGGLWLRQ WKH KLJKO\ DXWRPDWHG VLWH RI %RVFK (OHFWULFDO
'ULYHVORFDWHGLQ%KOLVYLUWXDOO\LQWHJUDWHGLQWRWKHOHDUQLQJ
IDFWRU\ WR PDS D SURGXFWLRQ QHWZRUN ZLWK WKUHH SURGXFWLRQ
VLWHV
:LWKLQWKHQH[WPRQWKVWKHGLGDFWLFFRQFHSWDVZHOODVWKH
WUDLQLQJPDWHULDOVRIWKHOHDUQLQJIDFWRU\ZLOOEHHODERUDWHGLQ
GHWDLO %HVLGHV WKH DXWRPDWHG ZRUNVWDWLRQV ZLOO EH IXUWKHU
UHILQHGHJZLWKUHVSHFWWRWKHLQWHJUDWLRQRIURERWLFV
 $FNQRZOHGJHPHQW
:HH[WHQGRXUVLQFHUH WKDQNV WR5REHUW%RVFK*PE+IRU
WKHLU DFWLYH VXSSRUW E\ WKHLU GRQDWLRQV RI SURGXFWLRQ
HTXLSPHQW DQG WKHLU KHOSIXO FRQVXOWDWLRQ GXULQJ WKH EXLOGXS
SKDVHRIWKHOHDUQLQJIDFWRU\
5HIHUHQFHV
>@ 0RVHU 5 6WUDWHJLVFKH 3ODQXQJ JOREDOHU 3URGXNWLRQVQHW]ZHUNH
%HVWLPPXQJ YRQ :DQGOXQJVEHGDUI XQG :DQGOXQJV]HLWSXQNW PLWWHOV
PLOWLNULWHULHOOHU 2SLPLHUXQJ 'LVVHUWDWLRQ .DUOVUXKHU ,QVWLWXW IU
WHFKQRORJLH
>@ .RPSDVV / 'LH *HZLFKWH YHUVFKLHEHQ VLFK ,Q /RJ .RPSDVV 
S
>@ 9', 6WXGLH 3URGXNWLRQ XQG /RJLVWLN LQ 'HXWVFKODQG  9',
*HVHOOVFKDIWIU3URGXNWLRQXQG/RJLVWLN
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